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Proposed changes to “Modulation Accuracy and Error Vector Magnitude (16.3.13)”
Rongzhen Yan, Yang-seok Choi, Tom Harel, Hujun Yin, Amir Rubin, Jin Fu and Rui Huang
Intel Corp
1. Introduction
EVM definition in 802.16m is directly referred to 802.16-2009 section 8.1.8.2.3. This definition is not appropriated due to 

· Section 8.1.8.2.3 is EVM definition and limitation for WirelessMAN-SC, not for OFDM/OFDMA;
· The definition doesn’t consider the impaction of EVM noise on modulated tone and un-modulated tones;
In 802.16-2009 section 8.4.13.3 “Transmitter Constellation Error and Test Method” has defined the relative constellation RMS error average over subcarriers, for modulated and un-modulated tones. However, the definition and limitation is not appreciated due to:
· The limitation in Table 544 was derived from very simply rule of 0.5 dB SNR loss; the impaction of EVM noise for capacity loss is not studied;

· The EVM noise on modulated and un-modulated tones are evaluated and limited separately. It is not appreciated because EVM noise on un-modulated will be changed according to the ratio of tested bandwidth of modulated tones;
· The highest modulation in uplink, 64 QAM, has low possibility to be used in full Tx power; so, the test condition of power reduction compared with the maximum Tx power has not addressed in 16e;
In this contribution, we propose the 16m EVM definition based on the study of EVM noise. 

2. EVM Definition Analysis
EVM definition and requirement are detailed discussed in the supporting document C80216m-10/0689 (its latest version).
References
[1] Draft Amendment, P802.16m/D5, Apr. 2010.
3. Text proposal for inclusion in the 802.16m amendment

Instruction to editor;

Black text: existing D4 text

Red and strike out text: for deletion

Blue and underlined text: for addition
[Remedy:]
[Change the text from line 40 on the page 766, section 16.3.13 as follows:]
============================== Start of Proposed Text =================================
16.3.13 Modulation accuracy and error vector magnitude (EVM) Error Vector Magnitude and Requirements
16.3.13.1 EVM Definition
The method for calculation of the EVM in AAI shall be the same as that described in 8.1.8.2.3.

The EVM is calculated by using Equation (xxx):

[image: image1.wmf](

)

(

)

[

]

[

]

÷

÷

÷

÷

÷

ø

ö

ç

ç

ç

ç

ç

è

æ

+

-

+

-

=

å

å

å

å

å

=

=

Î

=

Å

Î

f

S

S

u

N

i

L

j

S

k

L

j

S

S

k

f

k

j

i

Q

k

j

i

I

k

j

i

Q

k

j

i

Q

k

j

i

I

k

j

i

I

N

EVM

1

1

2

0

2

0

1

2

0

2

0

)

,

,

(

)

,

,

(

)

,

,

(

)

,

,

(

)

,

,

(

)

,

,

(

1

10

log

10


Where
Nf is the number of frames for the measurement;
LS is the number of symbols used for the measurement;
S is the group of modulated data subcarriers;
Su is the group of un-modulated data subcarriers. It includes all subcarriers in the range 0 … Nused – 1, except the DC and the modulated subcarriers (in S);
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 denotes the ideal symbol point of the i-th frame, j-th OFDMA symbol, k-th subcarrier in the complex plane. It is set as (0, 0) in the un-modulated data subcarriers.
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denotes the observed point of the i-th frame, j-th OFDMA symbol, k-th subcarrier in the complex plane; 

By using the equation (xxx), the EVM noise in both modulated and un-modulated tones are summed.
16.3.13.2 EVM Requirements
To ensure that the system performance does not degrade obviously due to EVM noise, the relative basic EVM measurement, averaged over subcarriers, symbols and frames, shall not exceed the values in Table xxx.
Table xxx EVM Requirement
	Modulation
	Unit
	Required EVM Level

	QPSK
	dB
	-14

	16QAM
	dB
	-19

	64QAM
	dB
	-24
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